ILLUSTRATIONS

INTRODUCTION
Information concerning streamflow characteristics is essential to planning and design activities involving streams. Land-use managers need information on all aspects of streamflow to evaluate various land-use alternatives. Design engineers need information about the magnitude and frequency of peak flows for bridge and culvert design and for flood-plain management.
Streamflow characteristics can be reliably estimated from stream-gaging data, but only after records have been collected for several years. Streamflow characteristics can also be estimated using channel-geometry measurements of widths and mean depths. This quick and reliable technique does not require years of record collection. The purpose of this report is to describe the channel-geometry technique and to present equations for estimating mean annual runoff and peak flows for ungaged streams in southeastern Montana. This study used the active-channel and bankfull-channel methods. The width and average depth of cross sections were measured and were related to the mean annual runoff and flood-frequency characteris tics. This report was prepared in cooperation with the U.S. Bureau of Land Management. Several previous studies have described peak flows. A recent report by Parrett and Omang (1981) presented methods for estimating peak discharges. Other studies (Berwick, 1958; Boner and Omang, 1967; Patterson, 1966; Boner and Buswell, 1970; Dodge, 1972; and Johnson and Omang, 1976 ) also provided techniques for estimating flood magnitude and frequency. A report by Boner and Buswell (1970) related mean annual flow characteristics to physical and climatic basin characteristics.
GENERAL DESCRIPTION OF THE AREA
Montana is a large area having widely varying geographic and climatic conditions. The southeastern part of the State is generally flat or rolling prairie land with deeply incised large streams. The channels of most of the streams are of three principal types: the narrow, deep low-water channel within a larger main channel; the vegetated ephemeral channel; and the sand-bed channel. Most of the streams have relatively flat slopes and fairly broad flood plains. The location of the area studied is shown in figure 1.
The principal source of precipitation during the spring and summer for southeastern Montana is the warm moist air from the Gulf of Mexico. Winter precipitation comes from the Pacific Coast. Annual precipitation is more variable, more intense, and generally less in amount than in the mountains of the western part of the State. The streams are all subject to snowmelt runoff during the spring and flood peaks from thunderstorms during the summer. Occasionally, late snowmelt and rain combine to cause runoff. The snowmelt runoff is generally of fairly long duration with diurnal fluctuations, whereas the flood peaks from thunderstorms occur quickly and are short in duration.
DATA USED
Streamflow data
Data from continuous-record, crest-stage, and two coal company gages were used in this study. For the mean annual runoff analysis, data were from 23 continuous-record gaging stations on perennial streams and 21 continuous-record gaging stations on ephemeral and intermittent streams. Data for the peak-flow analyses were from 78 partial-record gaging stations. The continuous-record stations are operated by the U.S. Geological Survey in cooperation with other Federal and State agencies; they provide mean annual runoff as well as peak flows. The partial-record stations, operated in cooperation with State and Federal agencies, are on small streams and provide only peak-flow information. Data from the coal company gages, which are operated by Peter Kiewit Sons Co., were reviewed and used in the mean annual runoff analyses.
The location and station number of all gaging stations from which data were used are shown in figures 1 and 2. Station data were used if the period of record was at least 10 years for peak-flow data and 4 years for mean annual runoff data. The latest date for data used in the analyses was the 1980 water year for mean annual runoff (table 1) and the 1978 water year for peak flow (table 2) . The mean annual runoff is the average discharge for the period of record. Flood magnitudes for recurrence intervals of 2, 5, 10, 25, 50, and 100 years were determined at each gaging station by using a log-Pearson type III probability distribution to develop a flood-frequency curve. Techniques recommended by the U. S. Water Resources Council (1977) were used to fit the log-Pearson type III distribution to the annual peak discharges at each site. The techniques used skew coefficients as recommended by the Water Resources Council, and historical data where available.
Channel-geometry data
The channel dimensions of 44 streams with continuous record were measured for analysis of mean annual runoff. Channel measurements were made at 54 additional partial-record stations for use in the flood-frequency analyses. Channel-geometry measurements were made during the 1978 and 1979 water years by personnel of the Geological Survey. The measurement sites were chosen near gaging stations where runoff data were available. Streamflow stations used in the mean annual runoff analyses are listed in table 1. The type of stream (perennial, intermittent, or ephemeral), length of record, bed material, and basin and streamflow characteristics for each stream are also given. Streamflow stations used in the peak-flow analyses are listed in table 2. The length of record, bed material, basin characteristics, and peak discharges for each stream are also given.
CHANNEL-GEOMETRY METHOD
It has long been known that stream channels are shaped by the magnitude and velocity of flow and the materials which they transport.
Most of the channel shaping occurs during times of high flow.
Studies by Scott and Kunkler (1976) in New Mexico, by Hedman and Kastner (1977) in the Missouri River basin, by Lowham (1976) in Wyoming, by Moore (1974) in Nevada, by Riggs and Harenberg (1976) in Idaho, and by Hedman and Osterkamp (1981) in the western United States have shown the feasibility of relating floodflow magnitude to channel features.
Because mean annual runoff is related to flood flows, mean annual runoff can also be related to channel features. Studies by Lowham (1976) in Wyoming, by Hedman, Kastner, and Hejl (1974) in Kansas, by Hedman (1970 ) in California, by Fields (1975 in Utah, by Hedman and Kastner (1977) in the Missouri River basin, and by Hedman and Osterkamp (1982) in the western United States have shown that the relationship is useful.
Several channel-geometry features have been investigated in the past as reference levels for estimating streamflow characteristics. For this study two reference levels were used: the active-channel width and the bankfull width. The geometry of these two features was measured, and the measurements were related to mean annual runoff and selected flood-frequency discharges. The active channel is described by Hedman and Kastner (1977) as the lower part of the channel that is actively involved in transporting water and sediment. The upper limit, which defines the active-channel reference level, is identified by a change in the relatively steep slope of the channel banks to a more gently sloping surface upward beyond the channel edge. The change in slope normally coincides with the lower limit of permanent vegetation.
The active channel on all perennial streams and most intermittent and ephemeral streams in the study area generally was defined by a line of vegetation on one or both sides. If there was a distinguishing feature on one side of the channel but none on the other side, and a better reach could not be found, the distance was measured from the distinguishing feature, level across the channel, to the point of intersection with the channel bank. On grassy channels with defined banks, the change in slope was the indicator of the reference level.
The highest reference level measured was the bankfull width. This reference level is described by Riggs (1974) as the horizontal distance between the tops of the banks of the main channel. The top of the bank is defined as the place where the flood plain and the channel slope intersect, and usually is distinguished by a change in slope. The slope changes from vertical or near-vertical to horizontal at the change in slope. This reference level is virtually the same as the bankfull stage for perennial streams described by Wolman (1955) as the stage at which overbank flooding occurs. On ephemeral streams, especially in the plains areas, the channel width is subject to more uncertainty. Some stream channels have downcut, owing to a change in hydrologic conditions. The old banks then form terraces. Distance between them is much wider than the width of the new channel. Too high a reference level would not reflect the present flow regime.
The channel surveys were made at or near each of the streamf low-gaging stations shown in figures 1 and 2. An onsite visit was necessary to obtain the channel measurements. Each stream to be measured was inspected upstream and downstream from the gaging station for a straight stable reach and recurring, uniform channel shapes. Channel banks for bankfull measurements needed to have been permanent for several years.
Two to three cross sections separated by at least one channel width were selected, if suitable ones could be found. Measurements were made of the top width of both the active and the bankfull sections, and sufficient depth measurements were made to determine an average depth of each section. If practical, measurements were made of the local channel-bed slope or water-surface slope. The reach and cross sections, including the features at the ends of the section, were photographed and the type of bed and bank material was recorded.
A sketch ( fig. 3 ) modified from Lowham (1976) shows the best location for measurement of channel-geometry features in a meandering reach. The location is at the narrowest, most stable section of the channel. This section is the most stable because energy is dissipated in the curve, and as the flow leaves the curve it has a minimum amount of erosive potential. The section, therefore, has channel features that have formed over a longer period of time and thus represents a greater length of record than at other sections. A sketch showing reference levels for active-channel width and bankfull width is also shown in figure 3.
Active-channel widths and bankfull widths for typical sites in southeastern Montana are shown in figures 4-9.
Grassed channels without well-defined banks, which are common on small streams in the area, are shown in figures 10 and 11.
Use of the channel-geometry method requires onsite training and experience for effective selection of the reference levels. Numerous photographic slides showing channel features at sites in addition to those of figures 4-11 are available for inspection in the Helena, Mont., office of the U.S. Geological Survey. Individuals who expect to utilize the method would benefit by viewing the slides and visiting several streams in the area with someone who is experienced with the method. tana. Channel-geometry features could not be measured or applied at this site, because of the absence of well-defined reference levels. Site is upstream from station 06309075. View is upstream.
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The channel-geometry method will not give good results in stream reaches having the following conditions:
1. Braided channels.
2. Small streams that are entirely vegetated and have not formed or maintained a channel.
3. Channels containing bedrock in the bed or banks.
4. Reaches having large pools or steep inclines.
5. Channels that have been widened or realined by an extreme flood or by construction work and have not had time to return to normal conditions.
METHOD OF ANALYSIS
Relations for estimating various flow characteristics are presented in this report in the form of mathematical equations. All values in the data set were transformed to logarithms before the relations were defined by multiple-regression techniques. After taking antilogs, the resulting equations have the form
where Q is either QA , the mean annual runoff, in acre-feet, or £?2> @5 £lOO> tne Pea^ discharge, in cubic feet per second, for the indicated recurrence interval, in years; a is a regression constant; b, c r df and m are regression coefficients, and A, B f C, and N are channel features or basin characteristics.
Flow characteristics were used as the dependent variables, and channel features and basin characteristics were used as the independent variables.
The multiple-regression analyses were performed using a computer program (SAS Institute, Inc., 1979) with a "maximum R? improvement" routine for adding or deleting independent variables to the model. R is the coefficient of correlation. This procedure determines the "best" one variable model (largest R^), the best two-variable model (greatest increase in #2 ), and so forth until the specified maximum number of independent variables has been included.
For this report, separate analyses were made for perennial streams and for ephemeral and intermittent streams to determine the mean annual runoff prediction equations. The analyses used to develop peak-flow prediction equations considered all types of streams in the area. Different independent variables were considered for each analysis.
For the mean annual runoff analysis, active-channel width (f/A^) proved to be the most significant parameter for ephemeral-intermittent and perennial streams. Bankfull width (w^p) was also significant for all three classes of streams. Mean basin elevation was also included in the regression equation for perennial streams because it decreases the standard error considerably and appears to indicate that there is a distinct difference between mountainous streams and prairie streams. Mean basin elevation index (E/1000) is the mean basin elevation, in feet above sea level, divided by 1,000. Mean basin elevation can be determined by using a transparent grid overlay on a topographic map. The basin elevation at each grid intersection is determined, and the mean basin elevation is calculated by averaging. For mean annual runoff analysis, local slope, map slope, channel area, and channel conveyance were also tested and determined to be insignificant. A summary of the regression results for these relations and the standard error of estimate are given in table 3. Relationships for estimating mean annual runoff using channel geometry are presented in graphical form in figures 12 and 13. Relationships developed for ephemeral streams were based on the use of some streams that had 4 or 5 years of record. These relationships are considered to have a poorer reliability than others and, therefore, are considered to be approximate.
For ephemeral streams, a nonlinear regression equation of the following form was investigated:
where QA is mean annual runoff, in acre-feet; a is a regression constant; WAC is active-channel width, in feet; and jb and x are regression coefficients. The value of x was varied from 0.1 to -0.1 and the minimum standard error of estimate was found to occur when x -0. Because the nonlinear form reduces to the linear form £> 'AC when x 0, it has no advantage over the linear form.
For the peak-flow analysis, an initial multiple-regression run was made for the entire area. The regression residuals (differences in log units between the observed and computed peak values) were plotted on a map and used to divide the area into three regions. These regions are illustrated in figure 1. Region 1, 1,000,000 r 100,000 10,000 1000 10 100 1000 WIDTH, IN FEET Figure 13 . Relationships for estimating mean annual runoff for perennial streams in southeastern Montana.
generally flat plains land, is the area most affected by intense summer thunderstorms. Runoff is largely variable, with most smaller streams flowing only intermittently. Flood peaks are produced by prairie snowmelt and rainfall. Region 2 is similar in topography to Region 1 but intense thunderstorms are not as prevalent. Flood peaks are not as variable or as large as in Region 1. Region 3 contains mountainous areas and is generally forested. Annual precipitation is large, resulting in accumulated snowpack, and runoff occurs primarily as a result of snowmelt. Separate multiple-regression analyses were then made for each of the three regions. Bankfull width and depth and active-channel width and depth were tested as independent variables; width was found to be the most significant. The final regression equations developed for each region and the standard errors of estimate are given in table 4. Relations for estimating peak flows using the channel-geometry method are presented in graphical form in figures 14-19. Figure 19 . Relationships for estimating peak discharges (£>) in Region 3 by using the bankfull width.
Limitations of definition
The estimating relations in this report are known to apply only within the range of variables tested or sampled, because regression analyses do not define actual physical relations. Equations were defined from data on streams virtually unaffected by urbanization, regulation, or diversion, and do not apply to streams subject to these conditions. For this study the range of values of the channel characteristics and basin characteristics used are given in 
Accuracy of estimating relations
The accuracy of a multiple-regression equation is most often measured by the standard error of estimate. The standard error of estimate is a measure of the standard deviation of the residuals about the regression line and is usually expressed in percent of the estimated value when log-transformed variables are used. The difference between the estimated and the actual peak discharge or runoff for two-thirds of the estimates will be within plus or minus one standard error of estimate. The use of logarithms of variables in the analyses causes the standard errors to be larger in the positive direction.
APPLICATION TO UNGAGED SITES
The use of the predicting equations in this report for estimating mean annual runoff at ungaged sites requires both a width measurement and a determination that the stream is perennial or ephemeral.
The following definition (modified from Meinzer, 1923) was used: "A perennial stream, or reach of stream, is one which flows continuously. Perennial streams generally receive inflow of ground water, and the streambed commonly is lower than the water table." An ephemeral stream, or reach of a stream, is one that flows only in direct response to precipitation. This type of stream receives no water from springs and no long-continued supply from melting snow or other surface sources. Its channel is at all times above the water table. An onsite visit during a period of no direct runoff is required to make this determination. Some advantage may be gained in using both active-channel width and bankfull width to estimate the streamflow characteristics. Where the widths are considered to be equally reliable, an average of the two discharges could be used. If one width measurement appears to be more reliable than the other, that one probably will give a more accurate estimate of flow characteristic. Also, on some streams it would be possible to obtain only one of the widths; then only one estimating equation could be used.
For peak-flow estimation, results can be compared with a recent flood-frequency report (Parrett and Omang, 1981) , which uses basin characteristics for estimating the 2-, 5-, 10-, 25-, 50-, and 100-year floods. This report updates the earlier flood-frequency reports and is considered to be more accurate. The two methods could be used to check each other or channel geometry could be used as an alternative technique for predicting peak flows. The standard errors of estimate for these two methods are considered to be equivalent. A study in progress will also develop methods for determining mean annual runoff using basin characteristics.
ILLUSTRATIVE EXAMPLES
The procedure for determining mean annual runoff and flood magnitudes at ungaged sites is shown by the following examples:
The mean annual runoff is desired for an ungaged site in southeastern Montana. A visit to the site indicated that the stream was ephemeral.
Onsite measurements were 12 feet for the active-channel width and 23 feet for the bankfull width. Estimates of the mean annual runoff are about the same using either width. Using an average of the two estimates gives a Q of 2,750 acre-feet.
Example 2.
Determine the flood magnitude for a recurrence interval of 100 years (QIQQ) for an ungaged site near Broadus that is south of the Yellowstone River and is in Region 2. The mean annual runoff is also needed for the same site. The mean basin elevation is 4,000 feet.
A visit to the site was made and widths were determined to be: WAC -39 feet and WBF -48 feet. An inspection of the stream indicated that it was perennial. Bankfull width was considered to be the most reliable width measurement.
Using the equation for Region 2 (table 4) 
CONCLUSIONS
This study indicates that channel-geometry measurements can be used to estimate mean annual runoff for ephemeral, intermittent, and perennial streams in southeastern Montana. For ephemeral and intermittent streams, the active-channel width and the bankfull width were the most significant parameters. For perennial streams, active-channel width, bankfull width, and mean basin elevation proved to be the most significant parameters. The standard error of estimate is 58 percent for ephemeral streams using active-channel width and 79 percent using bankfull width. For perennial streams the standard error of estimate is 47 percent using active-channel width and 73 percent using bankfull width. With the addition of mean basin elevation the standard error was reduced to 38 percent.
The analyses also indicate that peak discharge at selected recurrence intervals can be estimated by using channel-geometry measurements. Separate equations for three different regions are presented. Bankfull width was determined to be the most significant parameter in two of the regions, and active-channel width was most significant in the third region. The standard error ranged from 62 to 100 percent for Region 1, 56 to 115 percent for Region 2, and 37 to 62 percent for Region 3.
Before using the estimating equations, an onsite trip is necessary to measure the channel width and to determine whether the stream is perennial or ephemeral. Experience in determining the reference levels is needed before the method is used. Little Bighorn River [Bed material: cl, clay; gr, gravel; rk, rock ; sd , sand; st, silt 
